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(54) Exhaust gas cleaning apparatus and method for internal combustion engine 



(57) The invention relates to an apparatus and a 
method for highly efficiently purifying nitrogen oxides. 
According to the invention an NOx chemisorption reduc- 
tion catalyst (23) which chemicaiiy adsorbs NOx under 
a condition that an exhaust gas of an internal combus- 
tion engine (99) is oxidizing atmosphere and deoxidizes 
adsorbed NOx under a reducing atmosphere and an 
SOx absorbent (20) which absorbs SOx contained in 
the exhaust gas of oxidizing atmosphere and deoxidizes 
and release SOx absorbed in the reducing atmospheric 
exhaust gas are arranged in the exhaust path, whereby 
purifying of exhaust gas is enabled while preventing or 
suppressing SOx-potsoning of the NOx chemisorption 
reduction catalyst (23). 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to an exhaust gas cleaning or purifying apparatus and method of effectively removing 
NOx in an exhaust gas while preventing or suppressing poisoning of a NOx reduction catalyst with SOx contained in 
the exhaust gas of an internal combustion engine such as an automobile engine. 

in recent years, a lean-burn engine operated in a fuel-lean condition of an air-to-fuel ratio is regarded as a promis- 
ing inter nal combustion engine for a vehicle from the viewpoints of reduction of fuel consuming quantity and prevention 
of global warming by carbon oxide gas. However, the exhaust gas of the engine becomes an oxidizing atmosphere in 
which 0 ? concentration of the exhaust gas exceeds the stoichiometric ratio necessary for complete combustion of 
reductive components contained in the exhaust gas (hereinafter, such an oxidizing atmosphere is referred tc as an oxi- 
dizing atmosphere) A conventional three-way catalyst efficiently cleans NOx, HC and CO under a reducing atmos- 
phere tn which 0 2 concentration contained in the exhaust gas is below the stoichiometric ratio necessary for completely 
burning leductrve components contained in the exhaust gas (hereinafter, such reductive atmosphere is referred to as a 
reductive atmosphere), and does not exhibit sufficient NOx purifying performance under the oxidizing atmosphere. 
Therefore, it is required to develop a catalyst capable of purifying NOx, HC and CO under a reductive atmosphere, and 
particularly, effectively purifying NOx. 

As the apparatus oi purifying an exhaust gas for a lean-burn engine, WO93/07363 and WO93/08383 propose that 
an NOx absorberr arranged in an exhaust gas passage. The NOx absorbent absorbs NOx in the exhaust gas during 
lean fuel cornoutton and discharge NOx when the oxygen concentration in the exhaust gas decreases. 

Since fuel conuns a turtur component, the exhaust gas contains SOx, mainly S0 2 . The SOx reacts with NOx 
absorbing axrpon«ors n a NOx absorbent to produce sulfuric salts or sulfurous salts. As a result, there arises the so- 
called SOx posor»ng problem by which the NOx absorbing capability is decreased. Turning the NOx absorbent into sul- 
furic sart or sutturoui sa*s becomes intensive in the oxidizing atmosphere of exhaust gas produced by lean combustion. 
Therefore, in^ovement of the resistance to SOx poisoning is important to develop a catalyst coping with the lean-burn 
engine. 

JP 2605553 specicaton drscloses an exhaust gas purifying apparatus in which a sulphur capturing apparatus is 
arranged upstream o* a NO* absorbent in an exhaust path of an internal combustion engine. The specification 
describes that suiprxx as weii as NOx, is absorbed in the NOx absorbent, the absorbed sulphur is not released from 
the NOx absorbent and accumulated gradually in the NOx absorbent even if an air fuel ratio of an exhaust gas flowing 
in the NOx absorberr is turned to be fuei-rich, and the NOx absorbent comes almost not to absorb NOx as an amount 
of sulphur wrthn the NOx absorbent increases. The invention of JP 2605553 is to suppress gradual accumulation of sul- 
phur into the NOx absorbent by providing the sulphur capturing apparatus at an upstream side of the NOx absorbent. 

JP 2605559 speof cation. JP 2605571 specification and JP 2605580 specification each disclose that a SOx 
absorbent is arranged n an exhaust path of an interna! combustion engine at an upstream side of a NOx absorbent, 
which SOx absorbent absorbs SOx when an air fuel ratio of an inflow exhaust gas is in fuel lean side and releases the 
absorbed SOx when the air fuel ratio of inflow exhaust gas comes to a fuel rich side. Further, the specifications disclose 
that as the SOx absorbent an absorbent, which has iron manganese, nickel, tin, titanium, copper, lithium etc. each 
suoported on a sio»i comprising alumina, is usee and that it is preteraole to support platinum on the support of the 
SOx absorbent F urmef me JP 2605559 specification discloses an air fuel ratio controlling means provided for control- 
ting an air fuel ratio & an exhaust gas flowed in the SOx absorbent to be rich when SOx is to be released from the SOx 
absorbent. 

Japanese Patent Appkcaton Laid-Open No.8-1 92051 discloses suppressing SOx-poisoning of a NOx absorbent, 
using a support made o* a compiex oxide of titanium and zirconium 

Japanese Patent Appi>cat>on Laid-Open No.S-1 551 91 discloses suppressing sulphur poisoning of a NOx absorbent 
by supporting yttrum and an NOx absorbing component on a support. 

The method in wh»ch the SOx absorbent is provided upstream of the NOx absorbent is effective when the SOx 
absorbent has a very h#gh SOx absorption capacity and is able to sufficiently absorb SOx in the exhaust gas. However, 
when the SOx absorption capacity is low and SOx in the exhaust gas can not be sufficiently absorbed, there is a prob- 
lem that SOx not absorbed by the SOx absorbent accumulates in the NOx absorbent. Further, there is a problem that 
the SOx absorption edacity of the SOx absorbent decreases according to passage of time, the SOx not absorbed by 
the SOx absorbent according thereto is absorbed in the NOx absorbent. According to the disclosure of JP 2605553 
specification. SOx absorbed in the NOx absorbent is not released from the NOx absorbent, and the NOx absorption 
capacity of the NOx absorbent gradually decreases by accumulation of SOx. 
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SUMMARY OF THE INVENTION 

An object of the invention is to provide an exhaust gas purifying apparatus having a SOx absorbent and a NOx 
reduction catalyst which is able to recover the NOx purifying capacity, even if SOx is absorbed, by releasing the 
absorbed SOx. 

Another object of the invention is to provide an exhaust gas purifying apparatus having a SOx absorbent and a NOx 
purification catalyst, in which the SOx absorbent has a very high SOx absorption capacity and releases absorbed SOx 
as S0 2 , and which is made low in burden io environment contamination. 

An exhaust gas purifying apparatus in accordance with the present invention is characterized in that an SOx 
ic absorbent and a NOx chemisorption reduction catalyst are arranged in an exhaust path, which SOx absorbent absorbs 
SOx contained in the exhaust gas under an oxidizing atmosphere and discharges the absorbed SOx under a reducing 
atmosphere and which NOx chemisorption reduction catalyst chemically adsorbs NOx contained in the exhaust gas 
under the oxidizing atmosphere and reduces and cleans the adsorbed NOx with a reductive component contained in 
the exhaust gas 

if The SOx absorbent prevents or suppresses the NOx chemisorption reduction catalyst from absorbing SOx by oxi- 

dizing at least a part of SO? in the exhaust gas to absorb in the form of sulfurous salts or sulfuric salts under the oxidiz- 
ing atmosphere Further, it is desirable that the SOx absorbent reduces the sulfurous salts or sulfuric salts by the 
reductrve components in the exhaust gas under the reductive atmosphere and discharges in the form of S0 2 . If the sul- 
furous salts of sulfuric salts are released in the form of H 2 S instead of S0 2 , environmental contamination is caused 

re because H ,S rs poisonous and emit bad smell. Release of them in the form of S0 2 is able to have a less influence on 
the environment However, SOx is hardly absorbed in the NOx chemisorption reduction catalyst under the reductive 
atmosphere in which there is little oxygen. Therefore, by periodically switching the state of the exhaust gas between the 
o*idi2ing atmosphere and the reductive atmosphere, it is possible that the exhaust gas is cleaned while the NOx chem- 
isorption reduction catalyst is prevented or suppressed from being poisoned with SOx. 

?s The SOx absorbent is composed of an S0 2 oxidizing component and an SOx absorbing component Roles of each 

component are as follows. The S0 2 oxidizing component oxidizes at least part of S0 2 in the exhaust gas to S0 3 with 
oxygen, and the SOx absorbing component absorbs the S0 2 and S0 3 in the forms of sulfurous salts and sulfuric salts. 
The SOx absorbing component containing the sulfurous salts and the sulfuric salts is deoxidized by the reductive com- 
ponents in the exhaust gas under the reductive atmosphere to discharge S0 2 . 

50 Temperature of the exhaust gas exhausted from the internal combustion engine of a vehicle is nearly 300 to 600 

°C Therefore, a temperature range in which the SOx absorbing component absorbs SOx under the oxidizing atmos- 
phere and deoxidizes and discharges the absorbed SOx is preferably 300 to 600 °C. 

The inventors studied on materials satisfying the above condition, and found that a noble metal is employed as the 
S0 2 oxidizing component and a metal oxide is employed as the SOx absorbing component, and the metal oxide is an 

25 oxide of an element having a thermal decomposition temperature for sulfuric salt of 400 to 800 °C. When the thermal 
decomposition temperature for sulfuric salt is lower than 400 °C, an amount of SOx absorbed under the oxidizing 
atmosphere at 300 to 600 °C is small. When the thermal decomposition temperature for sulfuric salt is higher than 800 
°C, an amount released from the SOx absorbent by deoxidizing the absorbed SOx under the reductive atmosphere at 
300 to 600 U C is small Accordingly, such an SOx absorbent is not practical. 

<~ It is preferable that :he SOx absorbing component is an oxide having at least one element selected from the group 

consisting of Al, Go and Zn 

The SOx absorbent can be prepared by a method in which the SOx absorbing component is used as a support and 
the S0 2 oxidizing component is supported on the SOx absorbing component, and a method in which the SOx absorb- 
ing component and the S0 2 oxidizing component are supported on a porous support. 
45 Since Al oxide (Al 2 0 3 ) has a high specific surface area even at a high temperature, by using the Ai 2 0 3 as a support 

to support the SOx absorbing component on the Al 2 0 3 having a high specific surface area, high SOx absorbing or dis- 
charging performance can be obtained. Further, since the SOx absorbent which has. as a S0 2 oxidizing component, 
platinum, rhodium, palladium, etc. supported on alumina has a high heat-resistance, the SOx absorbent can be placed 
near the internal combustion engine where temperature of the exhaust gas in the exhaust passage reaches up to 900 



In the case of supporting the SOx absorbing component and the S0 2 oxidizing component highly dispersively on 
the porous support, since Zn absorbs a large amount of SOx under the oxidizing atmosphere at 300 to 600 °C and dis- 
charges a large amount of S0 2 by deoxidizing the absorbed SOx under the reductive atmosphere at 300 to 600 °C, it 
is preferable that the porous support is made of Al 2 0 3 , and Zn and the S0 2 oxidizing component are supported on the 
porous support. 

At least one element selected from the group consisting of Rh, Pt, Pd is employed for the noble metal to be used 
as the S0 2 oxidizing component, whereby oxidization of S0 2 can be accelerated under the oxidizing atmosphere. 

It is preferable that the supporting amount of Zn is 7 to 40 weight % on the Zn metal basis to Al 2 0 3 of 100 weight 
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%. When the supporting amount of Zn is less than 7 weight %, Zn supporting effect is insufficient. When the supporting 
amount of Zn is larger than 40 weight %, the specific surface area of the SOx absorbent decreases to decrease the SOx 
absorption performance under the oxidizing atmosphere and make the reduction and discharge of the absorbed SOx 
in sufficient. 

It is preferable that the supporting amount of the nobie metal is 0.5 to 3 weight % on the metallic oasis to Al 2 0 3 of 
100 weight %. When the supporting amount of the noble metal is less than 0.5 weight %, it is not practical because the 
S0 2 oxidizing performance of the SOx absorbent decreases. Even if the supporting amount of the noble metal is 
increased to an amount larger than 3 weight %, the SC 2 oxidizing performance is only saturated. 

A method of arranging the SOx absorbent and the NOx chemisorption reduction catalyst in the exhaust gas pas- 
sage will be described below. 

(1) A component forming the SOx absorbent and a component forming the NOx chemisorption reduction catalyst 
are supported on a common support. 

(2) The SOx absorbent is coated on the upper layer o^ the NOx chemisorption reduction catalyst. 

(3) In the exhaust gas passage, the SOx absorbent is arranged at a place upstream of the NOx chemisorption 
reduction catalyst. 

In the case of the metnod (1), the component forming the SOx absorbent and the component forming the NOx 
chemisorption reduction catalyst are supported on the common support, whereby the absorbing form or the adsorbing 
form of SOx to the NOx chemisorption reduction component becomes unstable, and accordingly the SOx absorbed in 
the NOx chemisorption reduction catalyst becomes easy to be discharged to increase the resistance against SOx poi- 
soning 

In the case of the method (2), the SOx absorbent coated on the upper layer of the NOx chemisorption reduction 
catalyst component has an effect of preventing or suppressing SOx from reaching the NOx purifying catalyst However, 
when the coating amount of the SOx absorbent is too much, it is not preferable because NOx is difficult to reach the 
NOx chemisorption reduction catalyst to decrease the NOx purifying performance. 

The coating amount of the SOx absorbent is preferably within the range of 5 to 30 g/L When the coating amount 
of the SOx absorbent is smaller than 5 g/L, the NOx chemisorption reduction catalyst is SOx poisoned because the 
thickness of the coating layer is too thin. When the coating amount of the SOx absorbent is larger than 30 g/L, the NOx 
purifying performance is decreased. 

As a subsidiary effect according to the present invention, when the SOx absorbent containing the noble metal is 
arranged in the exhaust passage at a place upstream of the NOx chemisorption reduction catalyst, particularly near the 
engine, the SOx absorbent can have an HC purifying capability in a low temperature such as at a period of starting of 
the engine. Thereby, it is possible to clean NOx in the exhaust gas and cope with the HC emission restriction including 
a starting time of the engine while the NOx chemisorption reduction catalyst is prevented or suppressed from being poi- 
soned with SOx. 

A mechanism in which SOx-poisoning of the NOx chemisorption reduction catalyst occurs under the oxidizing 
atmosphere can be roughly expressed as follows. 



SO r + MO ■+ MSO, (1) 

MS0 3 + 1/2 0 2 -» MSO4 (2) 

50 2 + 1 1Z 0 2 SO3 (3) 

503 + MO ~> MSO4 (4) 

where the M is an element of the component chemically adsorbing NOx. The SOx in the exhaust gas reacts with the 
component chemically adsorbing NOx to form a sulfurous salt (MS0 3 ) (reaction formula (1)), and a part of the sulfurous 
salt (MSO3) is oxidized to form a sulfuric salt (MS0 4 ) (reaction formula (2)). T he S0 2 is oxidized to form S0 3 (reaction 
formula (3)), and the SO s reacts with the comoonent chemically adsorbing NOx to form the sulfuric salt (MS0 4 ) (reac- 
tion formula (4)). 

The NOx absorbent disclosed in the JP 2605553 specification and J p 2605571 specification absorbs NOx in the 
form of nitrate salts into the bulk of the NOx absoming component (for example, Ba). This is the same in regard to 
absorption of SOx, and the NOx absorbing component absorbs SOx in the form of sulfuric salts into the bulk. 

On the other hand, the NOx chemisorption reduction catalyst chemically adsorbing NOx in the form of N0 2 adsorbs 
NOx in the form of N0 2 near the surface of the NOx adsorbing component. For this reason, the absorption "reactions 
(reaction formulas (1) to (4)) of SOx are also suppressed. 
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Therefore, the NOx adsorbing component can cause the SOx absorbed by the NOx absorbing component under 
the reductive atmosphere to be faster decreased under the oxidizing atmosphere. 

If the SOx absorbent can not absorb SOx completely under the oxidizing atmosphere, the NOx chemisorption 
reduction catalyst absorbs the SOx which remains as not absorbed by the SOx absorbent. When the SOx is accumu- 
lated in the NOx purification catalyst, the NOx purifying performance is gradually decreases and finally the NOx chem- 
isorption reduction catalyst becomes unable to purify NOx. Therefore, it is preferable that the NOx chemisorption 
reduction catalyst is as low as possible in SOx absorbing performance and capable of removing the absorbed SOx 
under the reductive atmosphere. 

From the above facts, the catalyst adsorbing NOx in the exhaust gas in the form of N0 2 under the oxidizing atmos- 
phere is suitable as the NOx chemisorption reduction catalyst because reaction with SOx is suppressed. 

It is preferable that the catalyst adsorbing NOx in the form of NO2 is composed of a porous support of an inorganic 
oxide, an NOx adsorbing component, a noble metal and a rare earth metal; the NOx adsorbing component comprises 
Ti and at least one element selected from the group consisting of Li, K, Na. Sr, Mg and Ca; the noble metal comprises 
at least one element selected from the group consisting of Pd, Rh and Pt; and in particular, the rear earth metal is Ce. 
The NOx adsorbing component and the rear earth metal are present in the form of oxide. It is desirable that a part or 
all of the NOx adsorbing component is combined with Ti to be in the form of a complex oxide. It is preferable that the 
support comprises alumina. 

In a case of supporting the component forming the NOx chemisorption reduction catalyst and the component form- 
ing the SOx absorbent on the common porous support it is preferable that the catalyst comprises a porous support, an 
NOx adsorbing component, a noble metal, a rear earth metal and Zn, the porous supporting body is made of Al 2 0 3 , the 
NOx adsorbing component comprises a complex oxide of Ti and at least one element selected from the group consist- 
ing of Li K, Na, Sr, Mg and Ca, and the rear earth metai is Ce. 

The SOx absorbent and the NOx chemisorption reduction catalyst can be applied in various shapes depending on 
use. The applicable shapes for the SOx absorbent and the NOx chemisorption reduction catalyst are firstly a honey- 
comb shape which can be obtained by coating catalyst powder supporting various kinds of components on a honey- 
comb structure made of various kinds of materials such as cordierite, stainless steel or the like. Further their shape may 
be a pellet shape, a plate shape, a granular shape, a powder shape, and so on. 

The applicable methods for preparing the SOx absorbent and the NOx chemisorption reduction catalyst are prep- 
aration physical methods and methods utilizing chemical reaction such as an impregnating method, a kneading 
method, a co-precipitating method, a sol-gel method, an ion-exchange method, a vapor deposition method, and so on. 

The usable starting raw materials of the SOx absorbent and the NOx chemisorption reduction catalyst are various 
kinds of chemical compounds such as nitric compounds, acetic compounds, complex compounds, hydroxides, carbonic 
compound and organic compounds, and metals and metal oxides. 

As the porous support, alumina is most desirable, but metal oxides and complex metal oxides such as titania, silica, 
silica-alumina, magnesia, and so on also can be used for the porous support. 

The exhaust gas purifying apparatus or the exhaust gas purifying method by the SOx absorbent and NOx chemi- 
sorption reduction catalyst arranged in the exhaust path, of the present invention is conducted by alternately repeating 
a fuel lean combustion operation in which the exhaust gas is an oxidizing atmosphere, and a fuel rich or stoichiometric 
combustion operation in which the exhaust gas is a reducing atmosphere. 

A speed of SOx released from the SOx absorbent is much slower than a speed of NOx released from the NOx 
chemisorption reduction catalyst. An amount of SOx in the exhaust gas is very smaller than that of NOx. Therefore, in 
the internal combustion engine provided with the exhaust gas purifying apparatus of the present invention arranged in 
the exhaust path, it is preferable to repeat, in a usual operation, a fuel lean combustion operation and a fuel rich com- 
bustion operation of several to several ten seconds per one operation so as to effect chemisorption of NOx into the NOx 
chemisorption reduction catalyst and reduction of the adsorbed NOx and to continuously execute a fuel rich combustion 
operation or stoichiometric combustion operation for one to ten minutes by stopping the fuel lean combustion operation 
when the SOx absorbing capacity of the SOx absorbent comes to decrease according to passage of time or running 
distance. 

In order to achieve the above-mentioned operations, the exhaust gas purifying apparatus according to the present 
invention is desirable to provide an operating condition determining means for determining an operating condition of the 
internal combustion engine and an air-to-fuel ratio control means in addition to the SOx absorbent and NOx chemisorp- 
tion reduction catalyst. The operating condition determining means of the internal combustion engine comprises a SOx 
absorbed amount estimation means for estimating an amount of SOx absorbed to the SOx absorbent under the oxidiz- 
ing atmosphere and judging whether or not a cumulated value of the absorbed amount reaches a predetermined value, 
and an SOx discharged amount estimating means for estimating an amount of SOx discharged rate from the SOx 
absorbent under the reductive atmosphere and judging whether or not a cumulated value of the SOx discharged 
amount reaches a predetermined value. The SOx absorbed amount estimating means estimates an SOx absorbed 
amount to the SOx absorbent under the oxidizing atmosphere, and the operating condition of the combustion chamber 
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is switched so as to produce the reouctive atmosphere using the air-to-fuel ratio control means when it is judged that 
the cumulated value of the absorbed amount reaches the predetermined value. Successively, when the SOx dis- 
charged amount estimating means judges that the SOx discharged amount from the SOx absorbent under the reduc- 
tive atmospnei e reaches the predetermined value, the operating condition cf the combustion chamber is switched so 
as to produce the oxidizing atmosphere using the air-to-fuel ratio control means. 

here, it is difficult to actually measure an amount of SOx absorbed into the SOx absorbed placed in the exhaust 
gas passage of the internal combustion engine and an amount of SOx discharged from the SOx aosorbent. A method 
of estimating the SOx absorbed amount and the SOx discharged amount will be described below. 

It is thought that absorption cf SOx to the SOx absorbent under the oxidizing atmospnere is progressed by a proc- 
ess of oxidization of SOo based on the reaction formula (3) described previously and absorbing of the oxidized S0 3 to 
form sulfuric salts( reaction formula (5)), a process of S0 2 being absorbed in the absorbing component to produce sut- 
furous salts (reaction formula (6)) and a process of the sulfurous salts being oxidized by oxygen to form sulfuric salts 
(reaction formula (7)). 

MO + S0 3 MS0 4 (5) 
MO + S0 2 -> MS0 3 (6) 

MSOj + 1/2 0 2 -* MSG 4 ( 7 > 

where M indicates an SOx absorbing component of the SOx absorbent, and MO indicates the oxide. 

In general, a reaction velocity of chemical reaction is a function of a velocity constant (k) and a molar concentration 
in connection with the reaction. For example, the reaction velocity equation for the reaction formula (5) can be 
expressed as follows 

d[MS0 4 ]/dO = k [MO] [MSOJ (8) 

Therein, [ ] indicates the molar concentration (unit: mol/1) of each component, and d[MS0 4 ]/dO indicates a molar con- 
centration of sulfuric salts (MS0 4 ) produced per unit time. Therefore, if the initial values of MO and MSO3 are known, a 
produced molar concentration [MS0 4 ] of MS0 4 at an accumulating time t can be obtained by integrating the reaction 
velocity equation (8) with time. By multiplying an exhaust gas velocity and an operating time period to the [MS0 4 ], the 
produced amount (moi) of MS0 4 can be obtained. 

Here, the exhaust gas velocity can be estimated by an intake air rate and a fuel injecting rate supplied to the com- 
bustion chamber, and an exhaust gas temperature. 

Further, since SOx in the exhaust gas is produced from the fuel, the SOx concentration can be estimated based on 
information on an amount of the fuel injected into the combustion chamber (fuel injecting rate). 

Further, an initial concentration of MO is a constant value inherent in the SOx absorbent. 

Furthermore, k can be expressed by Arrhemus formula k = A exp (-E/RT) , where A is a frequency factor, E is an 
apparent active energy of the reaction formula (5), R is the gas constant, and T is an exhaust gas temperature. The val- 
ues A and E can be regarded as constants though they are slightly varied depending on temperature, in the strict sense. 
Therefore, k is a constant determined on the basis of an exhaust gas temperature T 

From the above, a produced amount of MS0 4 can be estimated from a fuel injecting rate, an intake airflow rate, an 
exhaust gas temperature T and an operating time period at the temperature. Since an air-to-fuel ratio is a value of an 
intake air flow rate to the combustion chamber divided by a fuel injecting rate, a produced amount of MS0 4 can be also 
estimated from an air-to-fuel ratio, an intake air flow rate, an exhaust gas temperature T and an operating time period t 
at the temperature. Similarly in regard to the reaction formulas (6) and (7), cumulated values of SOx absorbed amount 
and SOx discharged amount of the SOx absorbent can be estimated from information of a fuel injecting rate, or an air- 
to-fuel ratio and an intake air flow rate, and an exhaust gas temperature T, and an operating time period t. Before the 
cumulated value of SOx absorbed rate estimated in the manner described above exceeds a saturated SOx absorption 
amount of the SOx absorbent, the operating condition of the internal combustion engine should be switched so that the 
exhaust gas becomes the reductive atmosphere. 

Mechanism of reduction and discharge of SOx absorbed in the SOx aosorbent by the exhaust gas of reducing 
atmosphere is not clear, but can be estimated as follows. 

MSOx + aHC + bCO + cH 2 = MO + S0 2 + mC0 2 + nH 2 0 (9) 

where x is 3 or 4, a to c, m and n are reaction coefficients. In this case, the reaction velocity equation for produc- 
ing S0 2 is as follows. 
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d[S0 2 ]/dt = k [MSOx] [HCf [CO] b [HJ 0 (10) 

Since HC, CO, H 2 in the exhaust gas under the reductive atmosphere are caused by fuel, initial molar concentra- 
tions of HC, CO, H 2 can be estimated from a fuel injecting rate or an air-to-fuel ratio and an intake air flow rate. There- 

5 fore, an SOx discharged amount can be estimated from a fuel injecting rate or an air-to-fuel ratio and an intake air flow 
rate, and an exhaust gas temperature T, and an operating time period t by the air-to-fuel ratio, similarly in the case of 
the SOx absorbing reaction. An amount of SOx which should be discharged from the SOx absorbent can be determined 
from an estimated value of a cumulated vaiue of SOx absorbed amount under the oxidizing atmosphere. Therefore, 
under the reductive atmosphere, an operating condition can be estimated from the amount of SOx which should be dis- 

w charged. 

In regard to the operating condition estimating method, there is the following method of estimating a time period t 
for maintaining the exhaust gas temperature T constant on the assumption that the exhaust gas flow rate, the air-to-fuel 
ratio and the SOx discharged rate from the SOx absorbent are fixed. 

The method comprises the steps of providing an exhaust gas velocity estimating means for estimating a flow rate 

t 5 of the exhaust gas discharged from an internal combustion engine, an exhaust gas temperature measuring means for 
measuring an exhaust gas temperature flowing to the SOx absorbent, a time measuring means for respectively meas- 
uring a time period in which the exhaust gas is an oxidizing atmosphere and a time period in which the exhaust gas is 
a reductive atmosphere, the operating condition determining means and the air-to-fuel ratio control means, the operat- 
ing condition determining means including the SOx absorbed amount estimating means and the SOx discharged 

20 amount estimating means; estimating an SOx absorbed amount under the oxidizing atmosphere by the SOx absorbed 
amount estimating means using an air-to-fuel ratio or an fuel injection rate, an exhaust gas flow rate obtained from the 
exhaust gas velocity estimating means, measured results of the exhaust gas temperature measuring means and the 
time measuring means; and switching an operating condition of an combustion chamber so as to produce a reductive 
atmosphere exhaust gas by the air-to-fuel ratio control means if the SOx absorbed amount estimating means judges 

25 that a cumulative value of the amount of absorbed SOx reaches a predetermined value. Here, a time period required 
for discharging SOx is estimated by the SOx discharged amount estimating means using the estimated value of the 
exhaust gas flow rate from the exhaust gas velocity estimating means, the measured value from the exhaust gas tem- 
perature measuring means, a predetermined air-to-fuel ratio and a predetermined SOx discharged amount. Then, the 
air-to-fuel ratio control means controls air-to-fuel ratio to the air-to-fuei ratio value and the time measuring means rneas- 

30 ures a time period of operating under the air-to-fuel ratio. After that, the air-to-fuel ratio control means switches the oper- 
ating condition of the combustion chamber so as to produce an oxidizing atmosphere exhaust gas if the SOx 
discharged amount estimating means judges that the measured value of the time period exceeds the estimated time 
period. 

By this method, it is possible to clean NOx in the exhaust gas while SOx absorption or adsorption by the NOx puri- 
35 tying catalyst is being prevented or suppressed. 

The exhaust gas velocity can be estimated from an intake air flow rate to the combustion chamber and the fuel 
injecting rate, or the air-to-fuel ratio and an exhaust gas temperature. The intake air flow rate can be measured by an 
air flow sensor. The exhaust gas temperature is a temperature of the exhaust gas flowing into the SOx absorbent, and 
can be measured by an exhaust gas temperature sensor arranged upstream of the SOx absorbent in the exhaust gas 
40 passage. Further, the measured time can be obtained, for example, by a method of counting operating time of the injec- 
tor, or by a method of counting a timer started at a time when the exhaust gas is switched to the reductive atmosphere 
or the oxidizing atmosphere. 

According to the present invention, it is possible to effectively prevent or suppress the SOx poisoning not depending 
on type of the internal combustion engine. For example, there are two fuel injection types of internal combustion engine 

45 using gasoline, that is, an air intake port inside injection type and a cylinder inside injection type. The present invention 
can be applied to the both type. 

The method of estimating a SOx absorption amount and SOx release amount of the SOx absorbent and controlling 
a air fuel ratio also is effective as a method of releasing SOx, in order to recover the NOx chemisorption reduction cat- 
alyst of which the NOx purifying performance is lowered by absorption or adsorption of SOx. The NOx chemisorption 

so reduction catalyst used in the present invention differs from the NOx absorbent disclosed in the JP2605553 and 
JP2605571, and can release absorbed or adsorbed SOx from the catalyst by making the air fuel ratio into a fuel-rich 
ratio or stoichiometric ratio. As a method of recovering the catalyst by effectively releasing SOx from the NOx chemi- 
sorption reduction catalyst, the above-mentioned method of estimating a SOx absorption amount and SOx release 
amount and controlling a air fuel ratio is effective. 

55 Recovery of the NOx chemisorption reduction catalyst also can be carried out by a method of switching an opera- 
tion to a fuel rich or stoichiometric combustion operation when a running time or distance reaches a certain time or dis- 
tance, without taking the method of estimating a SOx absorption amount and SOx release amount and controlling a air 
fuel ratio. 
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Therefore, according to the present invention, there is provided a method of recovering a NOx chemisorption 
reduction catalyst which is arranged in an exhaust path of the internal combustion engine and of wnicn the NOx purify- 
ing capacity is lowered by absorption or adsorption of SCx in the exhaust gas, wherein an operation is switched to a 
fuel rich or stoichiometric combustion operation to release SOx even during a fuel lean combustion operation when a 
- : running time of distance reaches a constant condition. 

here, the constant condition means a predetermined running time or running distance, and the condition can be 
determined through some experiments, etc. 

Further, according to the present invention, the following catalyst recovery methods (a), (b) and (c) are provided. 

10 (a) A method of recovering a NOx cnemisorption reduction catalyst arranged in an exhaust path of an internal com- 

bustion engine and detracted from the NOx purifying capacity by adsorption or absorption of SOx in an exhaust 
gas, wherein the method comprises the steps of: 

estimating an amount of sulfur oxides discharged to the exhaust gas from a sulfur concentration contained in 
75 a fuel and a consumed amount of the fuel; 

estimating an amount of the sulfur oxides absorbed into the catalyst, a produced amount of sulfurous salts and 
a converted amount from the sulfurous salts to sulfuric salts from an exhaust gas temperature and/or a catalyst 
temperature; and 

allcwmg a rich gas or a stoichiometric gas to flow through the passage to reduce and decompose the sulfurous 
oj salts by forming a reductive atmosphere when an amount of the sulfurous salts or the sulfuric salts existing in 

the catalyst estimated from the cumulative values reaches a predetermined value. 

(b) A method of recovering a NOx chemisorption reduction catalyst, arranged in an exhaust path of an internal com- 
bustion engine and detracted from the NOx purifying ability by adsorption or absorption of SOx in an exhaust gas. 
25 wherein the method comprises the steps of: 



estimating an amount of sulfur oxides discharged to the exhaust gas from a sulfur concentration contained in 
a fuel and a consumed amount of the fuel; 

estimating an amount of said sulfur oxides absorbed into said catalyst, a produced amount of sulfurous salts 
and a converted amount from the sulfurous salts to sulfuric salts from an exhaust gas temperature and/or a cat- 
alyst temperature; and 

allowing a rich gas or a stoichiometric gas to flow through said passage to reduce and decompose the sulfur- 
ous salts by forming a reductive atmosphere when an amount of the sulfurous salts or the sulfuric salts existing 
in the catalyst estimated from the accumulated amounts under an oxygen rich atmosphere reaches a prede- 



(c) A method of recovering a NOx chemisorption reduction catalyst arranged in an exhaust path of an internal com- 
bustion engine and detracted from the NOx purifying capacity by adsorption or absorption of SOx in an exhaust 
gas, wherein 



detecting a concentration of nitrogen oxides in the exhaust gas at the timing when a predetermined time 
elapses after switching from operating under a reductive atmosphere condition to operation under an oxygen 
rich condition using a signal from a nitrogen oxide sensor arranged downstream of the exhaust gas purifying 
catalyst of the exhaust gas passage; 

estimating a decreasing ratio of nitrogen oxide purifying rate from the concentration of nitrogen oxides by cal- 
culation; and 

allowing a rich gas or a stoichiometric gas to flow through the passage to reduce and decompose the sulfurous 
salts by forming a reductive atmosphere when an amount of the sulfurous salts and an amount of the sulfuric 
salts existing in the catalyst estimated from the decreasing ratio of nitrogen oxide purifying rate reaches a pre- 
determined value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view showing the overall construction of an internal combustion engine provided with an 
exhaust gas purifying apparatus in accordance with the present invention; 

FIG. 2 is a control block diagram schematically showing the element construction of a control system in accordance 
with the present invention; 



35 
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FIG. 3 is a flow chart showing an operational aspect of a means for preventing or suppressing SOx-poisoning of an 
NOx chemisorption reduction catalyst, using a means for estimating an amount of SOx absorbed by the SOx 
absorbent and a means for estimating an amount of SOx discharged from the SOx absorbent; 
FIG. 4 is a schematic view showing the overall construction of an internal combustion engine suitable in a case 
where the SOx absorbent component and the NOx chemisorption reduction catalyst component are supported in 
a common support or in a case where the SOx absorbent is coated on the upper layer of the NOx chemisorption 
reduction catalyst; 

FIG. 5 is a flow chart of an operational aspeci of a means ot detecting a stage before an amount of sulfuric salts 
converted from sulfurous salts produced in a catalyst by sulfur-poisoning reaches a predetermined value; 
FIG. 6 is a flow chart of another operational aspect of the means for detecting; 

Fig. 7 is a flow chart of an operational aspect of a means of detecting a stage before an amount of sulfuric salts 
converted from sulfurous salts produced in a catalyst by sulfur-poisoning reaches a predetermined value; and 
Fig. 8 is a diagram showing an example of variations of air fuel ratio in an operation, using a catalyst recovering 
method according to the present invention. 

DESCRIPTION OF THE EMBODIMENTS 

The present invention will be explained below by embodiments, but the present invention is not limited to the 

embodiments 

EMBODIMENT 1 

An alumina coated honeycomb having alumina coating of 150 g per 1 liter apparent volume of honeycomb was 
obtained by coating a slurry composed of alumina powder and a precursor of alumina adjusted to nitric acidity onto a 
honeycomb made of cordierite (400 cells/inc 2 ), and then drying and calcining. The alumina coated honeycomb was 
impregnated with an aqueous solution containing zinc nitrate, and then dried at 200 °C and calcined at 700 °C. After 
that, the Zn supporting honeycomb was impregnated with a dinitro-diamine platinum nitrate solution, dried at 200 °C 
and then calcinea at 700°C. Through the above process, an embodied material 1 containing Zn of 29 g/L and Pt of 2.7 
g/L on a metal basis to honeycomb volume of 1 L was obtained. Similarly, embodied materials 2 to 5 supporting Fe, Bi, 
Co, Cu instead of Zn, an embodied material 6 supporting Pt on an aluminum support, and a comparative material 1 sup- 
porting Na on an alumina support were obtained. Further, a comparative material 2 of solely an alumina support was 
also obtained. 



Table 1 



SOx absorbent 


1st component 


2nd component 


Embodied material 1 


29 Zn 


2.7 Pt 


Embodied material 2 


25 Fe 


2.7 Pt 


Embodied material 3 


135 Bi 


2.7 Pt 


Embodied material 4 


27 Co 


2.7 Pt 


Embodied material 5 


29 Cu 


2.7 Pt 


Embodied material 6 


None 


2.7 Pt 


Comparative material 1 


29 Na 


2.7 Pt 


Comparative material 2 


None 


None 



Example of Test 1 
(Test method) 

Using the embodied materials 1 to 6. an SOx absorbing ratio under an oxidizing atmosphere model gas simulating 
an exhaust gas burned at an air-to-fuel ratio of 22 to 24, and an SOx discharging ratio under a reductive atmosphere 
model gas simulating an exhaust gas burned at an air-to-fuel ratio of approximately 14.7 were studied. 

The compositions of the oxidizing atmosphere model gas were set to S0 2 : 150 ppm, NOx; 600 ppm, C 3 H 6 : 500 
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ppm, CO: 0 1 %. C0 2 : 10 %. 0 2 : 5 %, H 2 0: 10 %, N 2 : the remainder. 

The compositions of the reductive atmosphere model gas were set to NCx: 1000 ppm, C 3 H 6 : 600 ppm, CO: 0.5 %, 
C0 9 : 5 %, 0 2 : 5 %, H 2 ; 0.3 %, H 2 0: 10 %, N 2 : the remainder. 

~As for test orocedure. the SOx absorbing ratio was measured, and then the SOx discharged amount was measured 
using the same test sample. 

The SOx absorbing ratio was obtained by conducting the oxidizing atmosphere model gas at SV 60,OOC/h through 
the SOx absorbent layer at 300 J C for 1 hour. The SOx absorbing ratio was defined as a percentage of a total amount 
[mol] of SOx absorbed in the SOx absorbent to a total amount [mol] of SOx supplied to the SOx absorbent under the 
reductive atmosphere. 

The SOx discharging ratio was obtained by conducting the reductive atmosphere model gas at SV 60.000/h 
through the SOx absorbent layer at 300 °C for 1 hour. The SOx discharging ratio was defined as a percentage of an 
amount [mol] of SOx remaining in the SOx absorbent after discharging SOx by the reductive atmosphere to a total 
amount [mol] of SOx absoroed in the SOx absorbent during the oxidizing atmosphere mode! gas flowing. 

(Test Results) 

Table 2 shows the test results. The comparative material 1 supporting Na, of which the sulfuric salt has a thermal 
decomposition temperature above 800 °C, has a low SOx discharging ratio and is not applied as a SOx absorbent. The 

comparative materia! 2 not supporting any noble metal hardly absorbs and discharges SOx and does not function a 
SOx absorbent. 

Each of the embodied materials 1 , 4 and 6 has a high SOx absorbing ratio and high SOx discharging ratio, and they 
are suitable as SOx absorbent. 

The noble metal accelerates absorption and discharge of SOx. The embodied material 1 supporting Zn and Pt on 
the alumina support or the embodied material 6 supporting Pt on the alumina support is a particularly excellent SOx 
absorbent. 

Sulfuric salt and sulfurous salt were detected structural measurement of the embodied material after absorbing 
SOx by Fourier transform infrared (FT-IR) absorption spectrum. Therefore, it can be estimated that SOx absorption of 
the SOx absorbent is caused by reaction of producing sulfuric salt and sulfurous salt. 



Table 2 



SOx absorbent 


SOx absorbing ratio [%] 


SOx discharging ratio 
[%] 


Embodied material 1 


81 


80 


Embodied material 2 


57 


75 


Embodied material 3 


54 


33 


Embodied material 4 


74 


68 


Embodied material 5 


54 


65 


Embodied material 6 


70 


70 


Comparative material 1 


69 


0 


Comparative material 2 


10 


0 



Table 3 shows an SOx discharging ratio of the embodied material 1 in a case of excluding HC, CO, H 2 in the reduc 
tive atmosphere model gas during the SOx discharging ratio measurement. Discharge of SOx is accelerated by con 
taining of HC, CO. H 2 in the reductive atmosphere model gas. 



Table 3 



SOx absorbent 


SOx discharging ratio 
[%] in case of excluding 
HC, CO, H 2 


SOx discharging ratio 
[%] in case of including 
HC, CO, H 2 


Embodied material 1 


5 


80 



10 
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Example of Test 2 
(Test method) 

5 Using the embodied materials 1 and 6, this test method was similar to the test method of Example of Test 1 except 

that the SOx discharging temperature at the reductive atmosphere model gas treatment is set to 400 °C or 500 °C. 

jo Table 4 shows the results. The SOx discharging ratios of the embodied material 1 and the embodied material 6 

depend on temperature, but SOx is discharged even at 400 °C. Further, SOx is easily discharged by containing Zn. 

Only S0 2 was detected as a result of analysis of the exit gas of the embodied materials 1 , 4 and 6. The sum of a 
discharged amount on the S0 2 basis during SOx discharging treatment and an amount of S remaining in the catalyst 
attef the treatment was nearly equal to the SOx absorbed amount before the treatment. Therefore, SOx is discharged 

is into gas phase in the form of S0 2 . 



Table 4 



SOx absorbent 


SOx discharging ratio [%] 




400 °C 


500 °C 


Embodied material 1 


43 


65 


Embodied material 2 


35 


52 



25 

EMBODIMENT 2 

In the errtoded material 6. Pt of 0 to 4 g on the Pt metal basis per Al 2 0 3 of 100 g was supported, and evaluation 
was performed m tne same manner as in the test method of Example of Test 1 . Table 5 shows the results. 
so The SOx abso*t»ng rat>o is above 50 % when the Pt supporting amount is above 0.5 g. The SOx absorbing ratio 

does not increase even if tne noble metal supporting amount is increased above 1.5 g. Taking the material cost eleva- 
tion into consider ation. it is preferable to set the Pt supporting amount to 0.5 to 3 g on the Pt metal basis to Al 2 0 3 of 100 

g 

35 

Table 5 



Pt supporting amount [g] 
to AJ 2 0 3 of 100 g 


SOx absorbing ratio [%] 


SOx discharging ratio 
[%] 


0 


10 


0 


0.5 


60 


62 


1.5 


70 


70 


3.0 


70 


70 


40 


70 


70 



EMBODIMENT 3 

so In the embodied material 1 , Zn was supported 0 to 50 g on the Zn metal basis to Al 2 0 3 of 100 g, and evaluation 

was performed m the same manner as in the test method of Example of Test 1 . Table 6 shows the results. In the cases 
of the Zn supporting amount of 7 to 40 g, the SOx discharging ratio becomes above 75 %. 

55 
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Table 6 



Zn supporting amount [g] 
to AI 2 G 3 of 100 g 


SOx absorbing ratio [%] 


SOx discharging ratio 
[%] 


0 


70 


70 


5 


75 


72 


7 


31 


75 


20 


81 


SO 


40 


76 


75 


50 


70 


65 



EMBODIMENT 4 

An alumna coated honeycomb having coated alumina of 150 g per 1 iter apparent volume of honeycomb was 
obtained by coatirg a slurry composed of aiumma powoer and a precursor of alumna adjusted to nitric acid acidity onto 
a honeycomb made of cordierite (400 cells/inc 2 ), and then drying and calcining. The alumina coated honeycomb was 
impregnated with an aqueous solution containing zinc nitrate, and then dried at 200 °C and calcined at 600 °C. Further, 
the alumina coated honeycomo was impregnated with an aqueous solution containing cerium nitrate, and then dried at 
200 °C and calcined at 600 °C Furthermore, the alumina coated honeycomb was impregnated with an aqueous solu- 
tion containing sodium nitrate and strontium nitrate and magnesium nitrate, and then dried at 200 °C and calcined at 
600 °C. Further, the alumina supporting honeycomb was impregnated with a mixed solution of dinitro-diamine platinum 
nitrate solution and a rhodium nitrate solution, and then dried at 200 °C and calcined at 450 °C for 1 hour. After that the 
alumina supporting honeycomb was impregnated with an aqueous solution containing magnesium nitrate, and then 
dried at 200 °C and calcined at 450 °C. Finally, the alumina supporting honeycomb was calcined at 700 °C for 5 hours, 
and thus the preparation of catalyst was completed. Through the above process, an embodied catalyst 1 containing Zn 
of 29 g/L, Ce of 29 g/L, Na of 9 g/L, Sr of 11 g/L, Mg of 0.9 g/L, Pt of 2.7 g/L, Rh of 0.23 g/L and Mg of 2.1 g/L, on a 
metal basis, per honeycomb volume of 1 L was obtained. 

Througn the similar method, embodied catalysts 2 and 3, embodied catalysts 4 to 6 not supporting Zn were 
obtained. Compositions of the prepared catalysts are shown in Table 7. In supporting the active components to each of 
the catalysts in Table 6, the active components were supported in the following order, that is, the first component, the 
second component, the third component, and then the fourth component, were supported. A supported amount on the 
metal basis to honeycomb volume of 1 L is shown at a position before each kind of supported metal. 



Table 7 



Catalyst 


1 st compo. 


2nd compo. 


3rd compo. 


4th compo. 


5th compo. 


Embodied catalyst i 


29 Zn 


27 Ce 


9 Na, 11 Sr, 0.9 Mg 


0.23 Rh, 2.7 Pt 


2.1 Mg 


Embodied catalyst 2 


29 Zn 


27 Ce 


23 Sr, 8 Ti 


0.23 Rh, 2.7 Pt 


2.1 Mg 


Embodied catalyst 3 


29 Zn 


27 Ce 


18 Na, 4 Ti, 1.8 Mg 


0.23 Rh, 2.7 Pt 


2.1 Mg 


Embodied catalyst 4 


27 Ce 


9 Na, 11 Sr, 0.9 Mg 


0.23 Rh, 2.7 Pt 


2.1 Mg 


None 


Embodied catalyst 5 


27 Ce 


23 Sr, 8 Ti 


0.23 Rh, 2.7 Pt 


2.1 Mg 


None 


Embodied catalyst 6 


27 Ce 


18 Na. 4 Ti. 1.8 Mg 


0.23 Rh, 2.7 Pt 


2.1 Mg 


None 



Example of Test 3 
(Test method) 

Using the catalysts of Table 7, purifying performance of nitrogen oxides was evaluated by the following method. 
The honeycomb catalyst having a volume of 1.7 L was mounted on a vehicle mounting a gasoline engine of lean- 
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burn type having a piston displacement of 1.8 L. Fuel rich combustion operation of 1 minute with an air-to-fuei ratio of 
approximately 13 and fuel lean combustion operation of 1 minute with an air-to-fuel ratio of approximately 22 were alter- 
nately repeated. The reductive atmosphere exhaust gas was obtained during the fuel rich combustion operation, and 
the oxidizing atmosphere exhaust gas was obtained during the fuel lean combustion operation. 
5 An NOx purifying ratio, HC purifying ratio and CO purifying ratio were obtained by measuring NOx, HC, CO in the 

exhaust gases before and after the catalyst. NOx was measured by a chemical luminescence method, HC was meas- 
ured by an FID method, and CO was measured by an infrared absorption method. 

(Test results) 

w 

Table 8 shows NOx purifying ratios 1 minute after switching to the fuel lean combustion operation. The measured 
temperature is a temperature of gas just before flowing into the catalyst layer. The embodied catalysts 1 to 3 supporting 
Zn in accordance with the present invention show NOx purifying ratios higher than the embodied catalysts 4 to 6 not 
supporting Zn even after thermal history of 700 °C for 5 hours. The NOx purifying ratios during the fuel rich combustion 
is operation are above 90 % at 300 °C and 100 % at 400 °C, and the catalysts have sufficient ternary performance. Even 
though the fuel rich combustion operation and the fuel lean combustion operation were alternately repeated plural 
times, the NOx purifying ratio of the catalyst in accordance with the present invention did not vary during the each oper- 
ation. Further, the HC and CO purifying ratios in the fuel lean combustion operation were above 90 %. 



Table 8 



Catalyst 


300 °C 


400 °C 


Embodied Catalyst 1 


82 


79 


Embodied Catalyst 2 


70 


75 


Embodied Catalyst 3 


79 


78 


Embodied Catalyst 4 


60 


58 


Embodied Catalyst 5 


62 


55 


Embodied Catalyst 6 


62 


60 



Example of Test 4 

35 

Similar to Example of Test 2, after flowing the oxidizing atmosphere model gas containing SOx, NOx purifying ratios 
were measured by the method described in the test method of Example of Test 3. The results are shown in Table 9. The 
embodied catalysts 1 to 3 containing Zn have excellent SOx resistance. 

4 ° Table 9 



Temp. 

Catalyst 


NOx purifying ratio [ % ] 


300°C 


4 00°C 


Embodied Catalyst 1 


60 


40 


Embodied Catalyst 2 


50 


30 


Embodied Catalyst 3 


58 


40 


Embodied Catalyst 4 


38 


28 


Embodied Catalyst 5 


40 


25 


Embodied Catalyst 6 


38 


30 



55 
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Example of Test 5 

The reductive atmosphere exhaust gas was conducted through the embodied catalysts 1 to 6 poisoned with SOx 
in the same method of Example of Test 3. The reductive atmosphere exhaust gas used was a combustion exhaust gas 

5 curing operation at an air-to-fuel ratio of 14.7 near the stoichiometric air-to-fuel ratio, the exhaust gas temperature was 
set to 500 °C or 600 °C, and the exhaust gas flowing period to the embodied catalyst was set to 10 minutes. After flow- 
ing the reductive atmosohere exhaust gas , NOx purifying ratio was measured by the method described in the test 
method of Example of Test 1 Table i0 shows the results in the oxidizing atmosphere at 300 °C. It is clear that recover- 
ing of NOx purrfying performance is accelerated by containing Zn. This is considered tc be a multiplier effect of the NOx 

tc- purrfying component and Zn. 



Table 10 



Reducing temp. 
Catalyst 


NOx purifying ratio [ % ] 


500°C 


600°C 


Embodied Catalyst 1 


65 


82 


Embodied Catalyst 2 


56 


70 


Embodied Catalyst 3 


65 


79 


Embodied Catalyst 4 


38 


55 


Embodied Catalyst 5 


40 


50 


Embodied Catalyst 6 


38 


40 



EMBODIMENT 5 

30 

Alumina po*de< was tmpfegnated with an aqueous solution containing zinc nitrate, and then dried at 200 °C and 
calcined at 600 °C Arte* that, the alumina powder was impregnated with a dinitro-diamine platinum nitrate solution, 
dried at 200 °C and then caianed at 600 °C. Thus, powder of SOx absorbent was obtained. The powder of SOx absorb- 
ent was dispersed n a bas*c silica sol, and the embodied catalyst 4 was coated with the basic silica sol to obtain an 
35 SOx absorbent coated catalyst The calcining temperature at coating was set to 700 °C. Then, NOx purifying ratio after 
flowing of the reduct/ve atmosphere exhaust gas was measured by the method similar to in Example of Test 5. Table 1 1 
shows the resurts at 400 "C The embodied catalyst 4 can be suppressed to be poisoned by SOx by coating the SOx 
absorbent above 5 g/L However, when the coating amount exceeds 30 g/L, NOx is suppressed to diffuse into the NOx 
purifying catalyst to ceo ease the purifying ratio. 



Table 1 1 



Coating amount of SOx 
absorbent [g/L] 


NOx purifying rate (%) 




Initial 


After SOx treatment 


0 


60 


30 


2 


62 


30 


5 


67 


45 


20 


67 


51 


30 


62 


51 


35 


38 


36 


50 


37 


35 
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EMBODIMENT 6 

The embodied catalyst 4 having a volume of 0.6 L was arranged in series in an exhaust gas passage under the 
floor of a vehicle mounting a gasoline engine of lean-burn type having a piston displacement of 1 .8 L. In addition to this, 
5 two of the embodied catalysts 4 having a volume of 0.6 L were arranged in series, for purpose of a comparative test. 

In regard to operating control, fuel rich combustion operation of 1 minute with an air-to-fuel ratio of 13 and fuel lean 
combustion operation of 1 minute with an air-to-fuel ratio of 22 were alternatively repeated. The NOx purifying ratio after 
5 hour operation at an exhaust gas temperature of 300 °C was measured. The regular gasoline of the domestic speci- 
fication of Japan contains only 50 ppm of sulfur composition in the fuel. Therefore, in order to shorten the time period 
w of the SOx poisoning endurance test, a gasoline for endurance test was made by adding 1 600 ppm of thiophene to the 
regular gasoline. By using the gasoline for endurance test, the test time can be accelerated approximately 32 times as 
fast as the regular gasoline test time. 

la&e 12 shows the test results. The NOx purifying ratio is a value 1 minute after switching to the fuel lean combus- 
tion operation. By using the embodied material 1, decrease in NOx purifying ratio by SOx can be substantially 
a impfcved 



Table 12 



Arrangement oi SOx absorbent and NOx chemisorption 
reduction catalyst 


NOx purifying rate (%) 




Initial 


After 5 hour operation 


Embodied catalyst 4 is arranged downstream of Embodied 
material 1 


90 


80 


Two Embodied catalysts 4 are arranged in series 


90 


60 



EMBODIMENT 7 

3c FIG. 1 is a view showing the overall construction of an embodiment of an internal combustion engine including an 

exhaust gas purifying apparatus in accordance with the present invention. 

The internal combustion engine in this embodiment is a system mounting an engine 99 of an in-cyiinder injection 
type (or gasoline direct injection type) capable of operation in an oxidizing atmosphere, and comprises an intake air sys- 
tem having an air flow sensor 2, a throttle valve 3 and so on, an exhaust gas system having an oxygen concentration 

35 sensor (or an air-to-fuel sensor) 1 9, an exhaust gas temperature sensor 21 , an SOx absorbent 20 and an NOx chemi- 
sorption reduction catalyst 23 in accordance with the present invention, a catalyst outlet gas temperature sensor 22 and 
so on, and a control unit (ECU) 25 and so on. The ECU 25 is composed of an I/O LSI as an interface, a microprocessor 
MPU. memory units ROM and RAM storing a group of control programs, a timer counter and so on. Detected signals 
from a load sensor 8 for detecting an amount of stepping on an accelerator pedal 7, a crank angle sensor 29, the air 

to flow sensor, a water temperature sensor 28, the oxygen concentration sensor (or the air-to-fuel sensor) 19, the exhaust 
gas temperature sensor 21, the catalyst outlet gas temperature sensor 22 and the like are input to the ECU 25 through 
an input interface. 

The internal combustion engine described above operates as follows. 

The engine is operated by forming a mixed gas of intake air and fuel by the in-cylinder injection engine 99, gather- 
45 ing the mixed gas around a spark plug 6, and burning the mixed gas just before the time when the piston 9 reaches the 
top dead point. Here, the intake air to the m-cylinder injection engine 99 is filtered by an air cleaner 1 , measured by the 
air flow sensor 2 and supplied to the combustion chamber of the in-cylinder injection engine 99 through the throttle valve 
3. On the other hand, fuel is supplied from a fuel tank 13 through a fuel pump 12, and injected in the combustion cham- 
ber through an injector 5 with a high pressure. 
so The ECU 25 determines an operating condition such as an air-to-fuel ratio and so on by evaluating the operating 

condition of the internal combustion engine and the conditions of the SOx absorbent 20 and the NOx chemisorption 
reduction catalyst 23 in accordance with the present invention based on each of the sensor signals and the group of 
pre-stored control programs, and controls the injector 5 and the spark plug 6 and so on to burn the mixed gas under an 
appropriate condition. 

55 During the fuel lean combustion operation, the ECU 25 controls the air-to-fuel ratio to a fuel lean limit value in order 

to attain the most economical fuel consumption rate. However, when the air-to-fuel ratio exceeds the fuel lean limit 
value, the combustion condition of the engine 99 is deteriorated to cause an abnormality such as misfiring and to 
increase fluctuation of generating torque due to decrease in combustion pressure. The torque fluctuation causes fluc- 
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tuation in rotating speed of the engine. Therefore, by predetermining a limit value of the fluctuation in rotating speed, 
the ECU 25 can control the air-to-fuel ratio or the fuel injection rate so that the rotating speed of the engine ootained 
frcm the crank angie sensor 29 is always equal to the limit value. Ey doing so, the air-to-fuel ratio can be aiways con- 
trolled to the fuel lean limit value without deteriorating the combustion condition of the engine. 

Then, the burned exhaust gas is introduced into the exhaust gas system. The NGx chemisorption reduction cata- 
lyst 23 is arranged downstream of the SCx absorbent 2C in the exhaust gas system. When the internal combustion 
engine is in the fuel lean combustion operation, SOx in the oxidizing atmosphere exhaust gas is absorbed m the SOx 
absorbent 20 and NOx is adsorbed in the NOx chemisorption reduction catalyst 23. In the fuel lean combustion opera- 
tion, before the time when the SOx absorbed amount of the SOx absorbent 20 or the NOx adsorbed amount of the NOx 
chemisorption reduction catalyst 23 reaches saturation, the air-to-fuel ratio is shiftec to the fuel rich condition to perform 
discharging of the absorbed SOx in the SCx absorbent 20 by reduction or purifying of the NOx adsorbed and held dur- 
ing the fuel lean combustion operation. Further, during the fuel rich operation, NOx. HC, CO in the exhaust gas are also 
cleaned Dy the three-way catalyst function. 

By the above-mentioned operation, the NOx in the exhaust gas can be effectively cleaned while the NOx chemi- 
sorption reduction catalyst 23 is being prevented from being SOx poisoned under all the combustion conditions of the 
engine. 

here, description will be mace on part in connection with the SOx absorbent among the functions of the ECU 25. 
As shown in FIG. 2, the ECU 25 comprises an SOx absorbed amount estimating means 101 and an SOx discharged 
amount estimating means 102 and an air-to-fuel ratio control means 103 and an exhaust gas velocity estimating means 
104 The SOx absorbed amount estimating means 101 comprises a function for estimating an amount of SOx absorbed 
in the SOx absorbent (an SOx absorbed amount estimating part) 101 A and a function for judging from the estimated 
value that the cumulated value of the SOx absorbed amount reaches a preset value (an SOx absorbed amount judging 
part) 101 B. The SOx discharged amount estimating means 102 comprises (a discharging condition setting part) 102A 
for estimating a time period required for discharging SOx from the SOx absorbent and operating condition such as an 
air-to-fuel ratio, and (an SOx discharging condition judging part) 102B forjudging that the operating condition reaches 
an estimated value. The air-to-fuel control means 103 comprises a fuel lean combustion operation control part 103 A 
and a fuel rich combustion operation control part 103B. 

That is, when the amount of SOx absorbed in the SOx absorbent 20 reaches saturation, the SOx poisoning of the 
NOx chemisorption reduction catalyst 23 occurs. Therefore, when the SOx absorbed amount estimating part 101 A esti- 
mates an amount of SOx absorbed in the SOx absorbent and the SOx absorbed amount judging part 1 01 B judges that 
the cumulated value of the SOx absorbed amount reaches a preset value, the fuel rich combustion operation control 
part 103B of the air-to-fuel control means 103 starts fuel injection amount control of the injector 5 by setting the air-to- 
fuel ratio so as to produce the reductive atmosphere exhaust gas. At that time, the discharging condition setting part 
102 A of the SOx discharged amount estimating means 102 estimates control values (a time period, as an air-to-fuei 
ratio and the like) required for discharging SOx from the SOx absorbent 20, and the fuel rich combustion operation con- 
trol part 103B controls based on the estimated values. The SOx discharging condition judging part 102B monitors the 
information of the fuel rich combustion operation control part 1C3B, and when the SOx discharging condition judging 
part 102B judges the control value reaches the estimated value, the fuel lean combustion operation control part 103 A 
of the air-to-fuel control means 103 starts fuel injection amount control of the injector 5 by setting the air-to-fuel ratio so 
as to produce the reductive atmosphere exhaust gas. 

The amount of SOx absorbed to the SOx absorbent under the oxidizing atmosphere and the amount of SOx dis- 
charged from the SOx absorbent can be estimated from an gas flow velocity and a fuel consumption rate and an 
exhaust gas temperature and an operating time period. The gas flow velocity can be estimated by the exhaust gas 
velocity estimating means 104 from an intake air amount and a fuel injection rate and an exhaust gas temperature. The 
information on the fuel consumption rate can be obtained from the air-to-fuel ratio control means 103. The exhaust gas 
temperature can be obtained from the exhaust gas temperature sensor 21, and the intake air amount can be obtained 
from the air flow sensor 2. The operating time period can be measured by a driving time of the injector or by operating 
a timer 30 during the fuel lean combustion operation. 

FIG. 3 is a flow chart showing an embodiment in accordance with the present invention. Initially, when the fuel lean 
combustion operation (step 1001) is started, based on information of an intake air rate, an exhaust gas temperature, an 
air-to-fuel ratio or a fuel consumption rate, and an operating time (step 1002). an SOx absorbed amount is calculated 
by the SOx absorbed amount estimating part 101 A (step 1003) Next, the processing proceeds to step 1004, the SOx 
absorbed amount judging part 101 judges whether or not the cumulated value of the SOx absorbed amount reaches a 
predetermined value. If it is judged that the cumulated value of the SOx absorbed amount exceeds the predetermined 
value, the air-to-fuei ratio control means 103 starts control of the fuel rich combustion operation. A fuel rich combustion 
operating time is calculated by the SOx discharging condition judging part 102B based on the exhaust gas temperature 
and the intake air rate (step 1005). In this calculation, an air-to-fuel ratio during the fuel rich combustion operation is 
necessary, but here, the air-to-fuel ratio can be fixed to, for example, approximately 13. Then, the air-to-fuel ratio control 
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means 103 starts the fuel rich combustion operation (step 1006). In step 1007, the operating time is monitored, and 
when the SOx discharging condition judging part 102B judges that the measured value exceeds the calculated value, 
the processing returns to step 1001 to start the fuel lean combustion operation. 

By this method, the NOx chemisorption reduction catalyst 23 can be prevented or suppress to be poisoned with 

£ SOx. 

EMBODIMENT 8 

FIG. 4 is an example of a construction of mounting an NOx chemisorption reduction catalyst (18) in a case where 
to the SOx absorbent component and the NOx chemisorption reduction catalyst component are supported in the same 
support or in a case where the SOx absorbent is coated on the upper layer of the NOx chemisorption reduction catalyst. 
In this embodiment, the SOx absorbent and the NOx chemisorption reduction catalyst can be compactly arranged in 
the exhaust gas passage. 

is EMBODIMENT 9 

Next, an embodiment of a method of recovering the NOx chemisorption reduction catalyst lowered in NOx purifying 
performance by adsorption or absorption of SOx will be explained hereunder. 

FIG. 5 is a flow chart showing an embodiment of a means for detecting a stage before the time when sulfurous salts 
20 are produced in a catalyst by sulfur poisoning and an amount of sulfuric salts converted from the sulfurous salts reaches 
a predetermined value. 

in step 1 002, an amount of S0 2 discharged in the exhaust gas is estimated by calculation from a sulfur concentra- 
tion in the fuel and a consumption rate of the fuel. In step 1003, an amount of S0 2 absorbed in the catalyst out of the 
amount of the discharged S0 2 estimated in step 1 002 is estimated by reading the signals such as an exhaust gas tem- 

25 perature and the like, and an amount of sulfurous salts newly produced on the catalyst is estimated. In addition to these, 
in step 1003, an amount of sulfuric salts which are to be converted from the sulfurous salt accumulated on the catalyst 
by heating is estimated. This is because both of the S0 2 absorption rate to the catal/st and the conversion rate from 
the sulfurous salts to the sulfuric salts are varied depending on temperature. The amounts of sulfurous salts and sulfuric 
salts estimated in step 1004 are respectively cumulated. In step 1 005, it is judged whether or not the cumulated amount 

so of sulfurous salts or sulfuric salts exceeds a predetermined value. If the cumulated amount does not exceed the prede- 
termined value, the processing is repeated from step 1002. If the cumulated amount exceeds the predetermined value, 
in step 1006 a reductive atmosphere is formed to reduce and decompose the sulfur oxides, and the cumulate of the sul- 
furous salts and the sulfuric salts are reset. 

FIG. 6 is a flow chart showing another embodiment of a means for detecting a stage before the time when sulfurous 

35 salts are produced in a catalyst by sulfur poisoning and an amount of sulfuric salts converted from the sulfurous salts 
reaches a predetermined value. 

Different points from FIG. 5 are as follows. In step 1008, an operating condition of the engine is obtained from sig- 
nals of an oxygen concentration, an A/F and others. In step 1009, it is judged whether the operating condition of the 
engine now is lean, stoichiometric or rich operation. If it is lean operation, the processing proceeds to step 1003 to 

40 cumulate amounts of sulfu r ous salts and sulfuric salts If it is stoichiometric or rich operation, the processing skips the 
steps below step 1003 to return to step 1002. This is because since the sulfur poisoning particularly strongly occurs 
during lean operation, accuracy of cumulating amounts of the sulfurous salts and the sulfuric salts is higher in a case 
of cumulating only during lean operation than in a case of cumulating over the whole operating period. 

FIG. 7 is a flow chart showing another embodiment of a means for detecting a stage before the time when sulfurous 

<5 salts are produced in a catalyst by sulfur poisoning and an amount of sulfuric salts converted from the sulfurous salts 
reaches a predetermined value. 

Lean operation is performed in step 1010. In step 101 1 , an NOx adsorbing capability of the catalyst is estimated. 
In step 1012, it is judged from the NOx adsorbing capability whether or not adsorbed NOx needs to be cleaned by shift- 
ing the A/F to a rich condition. The A/F is shifted to a rich condition in step 1013, and an elapsing time after the rich 

so shifting is cumulated in step 1014, and completion of the rich shifting is judged in step 1015. Then, the A/F is lean 
shifted in step 1016, and an elapsing time after the lean shifting is cumulated in step 1017. In step 1018, it is judged 
whether a predetermined time after the lean shifting elapses or not. If the predetermined time has elapsed, an NOx 
purifying rate is estimated using signal from the NOx sensor arranged downstream of the catalyst and so on in step 
1019. In step 1020, amounts of sulfurous salts and sulfuric salts produced in the catalyst are estimated from the NOx 

55 purifying rate estimated. In step 1021, it is judged whether or not the estimated amount of sulfurous salts or sulfuric 
salts reaches a predetermined value. If the estimated amount of sulfurous salts or sulfuric salts exceeds the predeter- 
mined value, the sulfur oxides are reduced and decomposed by forming a reductive atmosphere in step 1022. 

FIG. 8 shows an example of change of air-to-fuel ratio in operation using a method of recovering a catalyst accord- 
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mg to the present invention. 

The sulfurous salts and the sulfuric salts produced in the catalyst by being poisoned by sulfur oxide can be reduced 
and decomposed with a reductive atmosphere, but this reaction is more difficult tc occur compared to the reaction to 
reducing and purifying NOx adsorbed to an NOx chemisorption reduction catalyst. Therefore, the rich shifting for reduc- 
ing and aecomoosing the sulfurous salts and the sulfuric salts needs to De oerformed for a time period equal to or longer 
than at least a time period required for the rich shifting for reaucing and purifying the NOx adsorbed to the NOx chem- 
isorption reduction catalyst However, since the fuei economy becomes degraaed by performing the ricn sniffing the 
ncn shifting should not be Kep: for a time longer than necessary As shown in FIG. 8, tne r ich shifting time is preferably 
longer than 0.2 second and shorter than 10 minutes. 

According to the present invention, an SOx absorbent and an NOx chemisorption reduction catalyst are arranged 
in an exhaust path of an internal combustion engine, whereby a decrease in NOx purifying capacity of the NOx chem- 
isorption reduction catalyst by absorption or adsorption of SOx can oe suppressed. Further, since the NOx chemisorp- 
tion reduction catalyst can release SOx by effecting a fuel rich combustion operation or stoichiometric combustion 
operation even if SOx is absorbed or aasorbed, the NOx purifying capacity can be recovered by estimating an absorp- 
tion amount c* adsorption amount of SOx in the NOx chemisorption reduction catalyst, and operating so as to release 
SO* wben approached to a saturated condition. 

Claims 

1. An exhaust gas purifying apparatus for an internal combustion engine (99), having a SOx absorbent (20) and a 
NOx purifying catalyst (23) each arranged in an exhaust path of the internal combustion engine (99), said SOx 
absorbent (20) absorbing SOx in an inflow exhaust gas under an oxidizing atmosphere in which the 0 2 concentra- 
tor! of saci exhaust gas is higher than a stoichiometric ratio required for completely burning a reductive component 
contained m said exhaust gas, and releasing the absorbed SOx under a reducing atmosphere in which the 0 2 con- 
centration c4 an exhaust gas is lower than a stoichiometric ratio required for completely burning a reductive compo- 
nent contained in said exhaust gas said NOx purifying catalyst (23) capturing NOx in said exhaust gas under the 
oxidizing atmosphere in which the 0 2 concentration of said exhaust gas is higher than a stoichiometric ratio 
required for completely burning a purifying component contained in said exhaust gas, 

wherein as said NOx purifying catalyst (23), there is provided a NOx chemisorption reduction catalyst (23) 
chemically adsorbing NOx under said oxidizing atmosphere and reducing the chemically adsorbed NOx with said 
reductive component to release it as N 2 under said reducing atmosphere. 

2. An exhaust gas purifying apparatus for an internal combustion engine according to claim 1 , wherein as said SOx 
absorbent (20). there is provided a SOx absorbent (20) reducing the SOx absorbed under said oxidizing atmos- 
phere to S0 2 to release it under said reducing atmosphere. 

3. An exhaust gas purifying apparatus for an internal combustion engine according to claim 1, wherein said SOx 
absorbent (20) is arranged in said exhaust path at an upstream side of said NOx chemisorption reduction catalyst 

(23) 

4. An exhaust gas purifying apparatus for an internal combustion engine according to claim 1 , wherein a component 
forming said SOx absorbent (20) and a component forming said NOx chemisorption reduction catalyst (23) are 
supported on a common support. 

5. An exhaust gas purifying apparatus for an internal combustion engine according to claim 1 , wherein a coating layer 
of said SOx absorbent (20) is provided on an upper layer of said NOx chemisorption reduction catalyst (23). 

6. An exhaust gas purifying apparatus for an internal combustion engine according to claim 1 , wherein said SOx 
absorbent (20) comprises at least one kind of element selected from a group consisting of platinum, rhodium and 
palladium, and an oxide of at least one kind of element selected from a group consisting of oxides of aluminum, 
cobalt and zinc 

7. An exhaust gas purifying apparatus for an internal combustion engine according to claim 1, wherein said NOx 
chemisorption reduction catalyst (23) includes a porous support of inorganic oxide, an oxide of a NOx chemisorp- 
tion component, an oxide of a rare-earth metal and a noble metal and said NOx chemisorption component com- 
prises at least one kind of element selected from a group consisting of lithium, sodium, kalium, strontium, 
magnesium and calcium, and titanium 
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8. An exhaust gas purifying apparatus for an internal combustion engine according to claim 7, wherein said NOx 
chemisorption component comprises a complex oxide of at least one kind of element selected from a group con- 
sisting of lithium, sodium, kalium, strontium, magnesium and calcium, and titanium. 

5 9. An exhaust gas purifying apparatus for an internal combustion engine according to claim 1, wherein said SOx 
absorbent (20) comprises a porous support of alumina, and at least one noble metal selected from a group consist- 
ing of platinum, palladium and rhodium, and a zinc oxide, supported on said porous support of alumina. 

10. An exhaust gas purifying apparatus for an internal combustion engine according to claim 9, wherein said zinc is 
tc contained by 7-40 wt% on the metal basis per 1 00 wt% of said alumina. 

1 1 . An exhaust gas purifying apparatus for an internal combustion engine according to claim 9, wherein said noble 
metal is contained by 0.5-3 wt% per 100 wt% of said alumina. 

i5 12. An exhaust gas purifying apparatus for an internal combustion engine according to claim 1, wherein said SOx 
absorbent (20) comprises a porous support of alumina, and at least one noble metal selected from a group consist- 
ing of platinum, palladium and rhodium, supported on said porous support of alumina. 

13. An exhaust gas purifying apparatus for an internal combustion engine according to claim 12, wherein said noble 
2c metal is contained by 0.5-3 wt% per 100 wt% of said alumina. 

14. An exhaust gas purifying apparatus for an internal combustion engine according to claim 1, wherein said SOx 
absorbent (20) comprises a porous support of alumina, and at least one noble metal selected from a group consist- 
ing of platinum, palladium and rhodium, and a cobalt oxide, supported on said porous support of alumina. 

25 

15. An exhaust gas purifying apparatus for an internal combustion engine according to claim 4, wherein said common 
support is of alumina, a component forming said NOx chemisorption reduction catalyst (23) and zinc are supported 
of a porous support of said alumina. 

5c 16. An exhaust gas purifying apparatus for an internal combustion engine according to claim 5, wherein a coating layer 
made of SOx absorbent powders that zinc and platinum are supported on a porous support of alumina is provided 
on an upper layer of said NOx chemisorption reduction catalyst (23). 

17. An exhaust gas purifying apparatus for an internal combustion engine, having a SOx absorbent (20) and a NOx 
35 reduction catalyst (23) each arranged in an exhaust path of the internal combustion engine, said SOx absorbent 

(20) absorbing SOx in an inflow exhaust gas under an oxidizing atmosphere in which the 0 2 concentration of said 
exhaust gas is higher than a stoichiometric ratio required for completely burning a reductive component contained 
in said exhaust gas, and releasing the absorbed SOx under a reducing atmosphere in which the 0 2 concentration 
of an exhaust gas is lower than a stoichiometric ratio required for completely burning a reductive component con- 

^: tamed in said exhaust gas, said NOx purification cataiyst (23) capturing NOx in said exhaust gas under the oxidiz- 
ing atmosphere in which the 0 2 concentration of said exhaust gas is higher than a stoichiometric ratio required for 
completely burning a reductive component contained in said exhaust gas, 

wherein as said NOx purification catalyst (23), there is provided a NOx chemisorption reduction catalyst (23) 
chemically adsorbing NOx under said oxidizing atmosphere and reducing the chemically adsorbed NOx with said 

45 reductive component to release it as N 2 under said reducing atmosphere, and wherein an operational condition 

determining means for determining an operational condition of said internal combustion engine (99) and an air fuel 
ratio controlling means are provided. 

18. An exhaust gas purifying method of purifying NOx contained in an exhaust gas, by arranging, in an exhaust path of 
an internal combustion engine (99), a SOx absorbent (20) absorbing SOx in an inflow exhaust gas under an oxidiz- 
ing atmosphere in which the 0 2 concentration of said exhaust gas is higher than a stoichiometric ratio required for 
completely burning a reductive component contained in said exhaust gas. and releasing the absorbed SOx under 
a reducing atmosphere in which the 0 2 concentration of an exhaust gas is lower than a stoichiometric ratio required 
for completely burning a reductive component contained in said exhaust gas. and a NOx purification catalyst (23) 
capturing NOx in said exhaust gas under the oxidizing atmosphere in which the 0 2 concentration of said exhaust 
gas is higher than a stoichiometric ratio required for completely burning a reductive component contained in said 
exhaust gas, 

wherein said NOx purification catalyst (23) is formed of a NOx chemisorption reduction catalyst (23) chem- 
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ically adsorbing NOx under said oxidizing atmosphere and reducing the chemically adsorbed NOx with said reduc- 
tive component to release it as N 2 under saia reducing atmosphere, and the NOx chemically adsorbed in said NOx 
chemisorption reduction catalyst (23) when an exhaust gas flowed in said NOx chemisorption reduction catalyst 
(23) is under said oxidizing atmosphere, is reduced and released as N by controlling an air fuel ratio so that the 
exhaus: gas flowed in said NOx chemisorption reduction catalyst (23) becomes a reducing atmosphere. 

19. An exhaust gas purifying method according to claim 18, 

wherein an operating condition determining means for determining ar operating condition of said internal combus- 
tion engine (99) anc an air fuel ratio control means are provided, said operating condition determining means hav- 
ing an SOx absorbed amount estimating means and a SOx released amount estimating means; 

an amount of SOx absorbed by the SOx absorbent (20) under said oxidizing atmosphere is estimated by said 
SOx absorbed amount estimating means, an operating condition of an combustion chamber is switched so as 
to produce a reducing atmospheric exhaust gas by said air fuel ratio control means if said SOx absorbed 
amount estimating means judges that a cumulative value of said amount of absorbed SOx reaches a predeter- 
mined vaiue, 

an amount of SOx released from the SOx absorbent (20) under said reducing atmosphere is estimated by said 
SOx released amount estimating means, an operating condition of the combustion chamber is switched so as 
to produce an oxidizing atmospheric exhaust gas by said air fuel ratio control means if said SOx released 
amount estimating means judges that a cumulative value of said amount of released SOx reaches a predeter- 
mined value 

20. An exhaust gas purifying method according to claim 18, 

wherein the NOx in the exhaust gas is cleaned while the NOx purifying catalyst (23) is being prevented or 
suppressed to absorb SOx by providing an exhaust gas temperature measuring means for measuring an exhaust 
gas temperature flowing to said SOx absorbing material, a time measuring means for respectively measuring a 
time period in which the exhaust gas is an oxidizing atmosphere anc a time period in which the exhaust gas is a 
reductive atmosphere, an exhaust gas velocity estimating means for estimating a velocity of the exhaust gas dis- 
charged from a combustion chamber, an operating condition determining means including an SOx absorbed 
amount estimating means and an SOx discharged amount estimating means, and an air-to-fuel ratio control 
means; and said method 

estimating an SOx absorbed amount under said oxidizing atmosphere by said SOx absorbed amount estimat- 
ing means using a fuel injection rate obtained from said air-to-fuel ratio control means, an exhaust gas flow rate 
obtained from said exhaust gas amount determining means, an exhaust gas temperature obtained from said 
exhaust gas temperature measuring means and an operating time obtained from said time measuring means; 
switching an operating condition of an combustion chamber so as to produce a reductive atmosphere exhaust 
gas by said air-to-fuel ratio control means if said SOx absorbed amount estimating means judges that a cumu- 
lative value of said amount of absorbed SOx reaches a predetermined value; 

estimating a time pence requtrec tor discharging SOx under said reductive atmosphere by said SOx dis- 
charged amount estimating means using an exhaust gas temperature and an exhaust gas flow rate and a pre- 
determined SOx discharged amount from the SOx absorbing material; 

measuring a time period in which the exhaust gas is a reductive atmosphere by said time measuring means; 
and 

switching an operating condition of the combustion chamber so as to produce an oxidizing atmosphere exhaust 
gas by said air-to-fuel ratio control means if said SOx discharged amount estimating means judges that said 
time period in which the exhaust gas is the reductive atmosphere exceeds said estimated time period. 

21. A method of recovering a NOx chemisorption reduction catalyst (23), arranged in an exhaust path of an internal 
combustion engine (99) and detracted from the NOx purifying ability by adsorption or absorption of SOx in an 
exhaust gas, wherein when a running distance or time reaches a predetermined condition, an operation is switched 
to a fuel rich combustion operation or stoichiometric combustion operation to release SOx from said NOx chemi- 
sorption reduction catalyst (23) even if the operation is in a fuel lean combustion operation. 

22. A method of recovering a NOx chemisorption reduction catalyst (23), arranged in an exhaust path of an internal 
combustion engine (99) and detracted from the NOx purifying ability by adsorption or absorption of SOx in an 
exhaust gas, wherein 

said method comprises the steps of 
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estimating an amount of sulfur oxides discharged to the exhaust gas from a sulfur concentration contained in 
a fuel and a consumed amount of the fuel; 

estimating an amount of said sulfur oxides absorbed into said catalyst, a produced amount of sulfurous salts 
and a converted amount from the sulfurous salts to sulfuric salts from an exhaust gas temperature and/or a cat- 
alyst temperature; and 

allowing a rich gas or a stoichiometric gas to flow through said passage to reduce and decompose the sulfur- 
ous salts by forming a reductive atmosphere when an amount of the sulfurous salts or the sulfuric salts existing 
in the catalyst estimated from the cumulative values reaches a predetermined vaiue. 

23. A method of recovering a NOx chemisorption reduction catalyst (23), arranged in an exhaust path of an internal 
combustion engine (99) and detracted from the NOx purifying ability by adsorption or absorption of SOx in an 
exhaust gas, wherein 

said method comprises the steps of 

estimating an amount of sulfur oxides discharged to the exhaust gas from a sulfur concentration contained in 
a fuel and a consumed amount of the fuel; 

estimating an amount of said sulfur oxides absorbed into said catalyst, a produced amount of sulfurous salts 
and a converted amount from the sulfurous salts to sulfuric salts from an exhaust gas temperature and/or a cat- 
alyst temperature; and 

allowing a rich gas or a stoichiometric gas to flow through said passage to reduce and decompose the sulfur- 
ous salts by forming a reductive atmosphere when an amount of the sulfurous salts or the sulfuric salts existing 
in the catalyst estimated from the accumulated amounts under an oxygen rich atmosphere reaches a prede- 
termined value 

24. A method of recovering a NOx chemisorption reduction catalyst (23), arranged in an exhaust path of an internal 
combustion engine and detracted from the NOx purifying ability by adsorption or absorption of SOx in an exhaust 
gas. wherein 

said method comprises the steps of 

detecting a concentration of nitrogen oxides in the exhaust gas at the timing when a predetermined time 
elapses after switching from operating under a reductive atmosphere condition to operation under an oxygen 
rich condition using a signal from a nitrogen oxide sensor arranged downstream of the exhaust gas purifying 
catalyst of the exhaust gas passage; 

estimating a decreasing ratio of nitrogen oxide purifying rate from said concentration of nitrogen oxides by cal- 
culation; and allowing a rich gas or a stoichiometric gas to flow through said passage to reduce and decom- 
pose the sulfurous salts by forming a reductive atmosphere when an amount of the sulfurous salts and an 
amount of the sulfuric salts existing in the catalyst estimated from the decreasing ratio of nitrogen oxide puri- 
fying rate reaches a predetermined value. 



21 

0692"! 5SAZ : > 



EP 0 892 159 A2 




22 



EP 0 892 159 A2 



FIG.2 



25 



INJECTOR 
DRIVING TIME 



21 



EXHAUST GAS 

TEMPERATURE 

SENSOR 



AIR FLOW 
SENSOR 



CRANK ANGLE 
SENSOR 



29 



OPERATING CONDITION 
DETERMINING MEANS 



SOx ABSORBED 
AMOUNT 

ESTIMATING MEANS 



SOx ABSORBED 
AMOUNT 

ESTIMATING PART 



T 



SOx ABSORBED 
AMOUNT 
JUDGING PART 



101 



101A 



101B 



SOx DISCHARGED 
AMOUNT 

ESTIMATING MEANS 



SOx DISCHARGED 
CONDITION 
SETTING PART 



SOx DISCHARGED 
CONDITION 
JUDGING PART 



102 



:102A 



102B 



EXHAUST GAS 
VELOCITY: 
ESTIMATIN G MEANS 

*-104 



timerI 

^-30 



A/F CONTROL PART 



FUEL LEAN 
COMBUSTION 
OPERATION 
CONTROL PART 

M03A 



FUEL RICH 
COMBUSTION 
OPERATION 
CONTROL PART 

M03B 



103 



INJECTOR K ,, 



23 



<ISDOCID <EP 0892159A2_ 



EPO 892 159 A2 



FIG. 3 



1001- 



1002' 



1003- 



( START ) 



FUEL LEAN COMBUSTION 
OPERATION 



MONITORING EXHAUST GAS 
TEMPERATURE, INTAKE AIR 
RATE, AIR-TO-FUEL RATIO OR 
FUEL INJECTING RATE , AND 
OPERATION TIME 



CALCULATING OF 

SOx ABSORBED AMOUNT 



1 004 v-^WH ETHER 

CUMULATED VALUE OF^ 
SOx ABSOUED AMOUNT EXCEEDS 
PREDETERMINED 
VALUE 



NO 



1005' 



,YES 



CALCULATION OF FUEL RICH 
OPERATING TIME FROM INTAKE 
AIR RATE. EXHAUST GAS 
TEMPERATURE, AIR-TO-FUEL 
RATIO OR FUEL INJECTING RATE 



1006' 



FUEL RICH COMBUSTION 
OPERATION 



1 007v_ :> ^^ WHETHER 

,CTUAL MEASURED TIME 
OF OPERATING TIME EXCEEDS^ 
CALCULATED 
VALUE 



NO 



( RETURN ^ 



0892" 59 A Z 



24 



EPO 892 159 A2 



FIG. 5 
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